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METHOD AND APPARATUS FOR GENERATING A RF SIGNAL 
TECHNICAL FIELD 

5 

The invention is concerned with a method and apparatus of generating a 
modulated RF signal. It is especially concerned with methods and 
apparatuses for modulation and amplification of a low- or medium-frequency 
information signal to a high-power radio frequency signal. 

10 

BACKGROUND ART 

In a radio base station, there is a need for a high-power amplifier in the 
15 transmitter section to provide each radio channel with enough power to reach 
the outer limits of the cell which the base station is covering. 

Traditionally there has been a trade-off between efficiency and linearity in 
radio frequency (RF) power amplifiers. E.g. amplifiers of C-type are high 
20 efficient but has an insufficient linearity, while e.g. A-type amplifiers are very 
linear but are low-efficient. 

The development in radio communication during the recent years has, 
however, created an increased need for linear high-power RF amplifiers. One 
25 reason for this is the increased use of modulation schemes with time- 
dependent envelope, like QAM (Quadrature Amplitude Modulation), OFDM 
(orthogonal frequency division modulation), and CDMA (Code Division 
Multiple Access). Another reason is the trend towards multi-carrier radio 
(MCR). 

30 

When the same amplifier is used for simultaneous amplification of several 
information signals modulated on different carrier waves or when linear 
modulation is used, such as QAM, high linearity is required, because in this 
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case it is essential that all phase and amplitude positions of the signal 
components involved are maintained in the amplification, because if many 
carriers are amplified in a single amplifier, the envelope of the total signal will 
be time-<lependent even if the individual signals are not. If linearity is not 
5 achieved, inter-modulation between the signal components might occur or the 
spectrum of the amplified signal sum might broaden, with the risk of 
interference with signals on other channels. 



It has therefore been particularly problematic to find solutions for e.g. MCR 
10 base stations maintaining high efficiency due to the very stringent linearity 
requirements at the same time as high power is needed. Also the relatively 
large bandwidth makes a solution for this case particularly difficult. 



The Swedish patent 507 373 of the applicant presents a method for 
15 generating a moderately wide-band (i e- including a MCR signal) high-power 
RF signal with high efficiency and linearity. In this method, a sigrna-delta 
modulator is used to generate a digital signal from an information signal 
followed by up-mixing and subsequent switching and band-pass filtering. The 
sigma-delta modulation transforms the analog (or very multi-level digital) 
20 signal to a signal containing only M (preferably, but not necessarily, equally 
spaced) levels by a quantization process. The so called quantization noise 
generated in this process is then rejected by a band-pass filter The 
amplification is provided by the switching process. It works so that the input of 
the band-pass filter is connected to M different constant electrical potentials 
25 via M switches. At a given time, one and only one switch is closed, and all the 
others opened. The digital control signal (the digitally up-mixed sigma-deita 
coded base-band signal) determines which switch is closed. 



If ideal switches (and an ideal band-pass filter) are used, the amplifier will 
30 have 100% efficiency and linearity. Real switches are however not ideal and 
therefore they will dissipate power and 100% efficiency is not obtained. Power 
will be dissipated due to voltage-drop across the closed switch and leakage- 
current through the opened switch. 



l! 



Furthermore, the switches have a finite transition time between the closed 
and opened states. This will lead to the problem of switching transients. If, 
during some period of time during the switching transient two switches are 
simultaneously in a low impedance state, then an almost short-circuited 
5 power supply has appeared. 

If, on the other hand, during a switching transient, all switches are 
simultaneously in a high-impedance state, then a voltage transient will be 
created by the band-pass filter. The band-pass filter must have a high input 

10 impedance for out-of-band signals. For this reason it can be considered as a 
constant current generator during the short interval of time of a switching 
transient This constant current passes the high-impedance switches, creating 
a high-voltage transient This dissipates transient power, may create non- 
linearities, and even degrade the life-time of the switches. It will also be more 

15 difficult to get the required selectivity from the band-pass filter since it will see 
a time-varying impedance. 

To reduce the transient problems, one could try to use a faster switch. 
However, there is often a trade-off between speed, the conductivity of the 
20 closed switch (for a given minimum "off-resistance" in the opened state), and 
the required control-signal power. Thus, small transient losses may imply, 
e.g., higher ohmic losses in the steady-state "dosed" state (or higher control- 
signal power). 

25 The object of the invention is to overcome the transient problems when a 
high-power RF signal is generated by means of quantization and switching. 

SUMMARY OF THE INVENTION 

30 

The method of the invention of generating a high-power modulated radio- 
frequency signal from a low- or medium frequency information signal is 
carried out by pulse-forming of the information signal by means of a quantifier 
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to form a digital signal having discrete signal values, generating one or more 
carrier waves of radio frequency, amplification by means of an amplifier 
comprising switches into a switched radio-frequency signal carrying the 
information, the switching events being controlled by the information content 
s of the digital signal, and achieving the desired signal by means of a filter. The 
method is characterized in that the carrier waves are generated by means of 
alternating radio-frequency voltages and that the amplification is performed by 
connecting the switches to the alternating carrier voltages, thus causing 
mixing of the digital signals with a corresponding carrier signal, in accordance 
10 with a given information content of the digital signal. 

The apparatus of the invention for generating a high-power modulated radio- 
frequency signal, comprises a quantifier for pulse-forming of an information 
signal to form a digital signal having discrete signal values, a radio-frequency 

is carrier wave generator, an amplification unit comprising switches for 
achieving a switched radio-frequency signal carrying the information, the 
switches being controlled by the information content of the digital signal, and 
a filter for achieving the desired signal. The apparatus is characterized in that, 
the switches are connected to alternating radio-frequency carrier voltages 

20 generated by the carrier wave generator to cause mixing of the digital signals 
with a corresponding carrier signal, in accordance with a given information 
content of the digital signal. 

The base-band signal (low- or medium frequency signal) can be analog or 
25 digital, simple or quadrature shifted Into two signal components. 

The switching transient problem is solved in the invention by connecting the 
switches to alternating "carrier" voltages instead of to constant ("DC") voltages 
as in the mentioned Swedish patent! The solution of the invention also lowers 
30 the switching frequency facilitating lower power for the control of the switches. 

The variation of the carrier voltage can have different forms. If the carrier 
voltage is sinusoidal and varies between a top + level and a bottom minus 
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level, the carrier voltage has a zero crossing at regular intervals in time (i.e. it 
has momentarily the value zero volts). If the instants in time for the switching 
are chosen to coincide with the zero crossings, no switching-transient 
problems exist as is explained in the 'following. 

5 

Assuming a switching event in an apparatus of the invention with two 
switches, where one of the switches is closed and the other open. If the 
switching is performed so that the second switch is closed slightly before the 
first switch is opened, both switches are momentarily closed at the transient 

10 moment. In the invention, this will not short-circuit the "power supply" 
(represented by the carrier generator in the invention), since the timing for the 
switching event has been chosen to coincide with the zero-crossing of the 
earner voltage, at which moment there is no power supply. In such a 
switching strategy, the band-pass filter wall at all times be connected to a low 

is impedance (one or both switches are closed). 

In addition to solving the switching-transient problem, the invention also 
normally gives a lower switching-frequency (i.e. the time interval between 
sucessive switching events is longer). In the sigma-delta based RF amplifier 

20 of prior art, the switching frequency is typically equal to twice the "carrier* 
frequency. In the invention, it is equal to the output sampling frequency of the 
quantifier, (i.e. twice the base-band-width times the oversampling ratio, plus 
some guard interval), since in the invention the mixing of the carrier wave and 
the information signal (the coded base band signal) takes place at the 

25 switching event. 

Switches dissipate control-signal power. A bistable switch dissipates control 
signal power only when changing: from one state to the other (closed to 
opened, opened to closed). For a quasi-bistable switch, this is the case to a 
30 good approximation. Thus, if bistable or quasi-bistable switches are used, the 

required control signal power is proportional to the switching frequency. 

i 

Because of the lower switching-frequency of the apparatus of the invention 



(equal to the output sampling frequency of the quantizer), it thus requires less 
power for the control of the switches, and give a higher efficiency amplifier. 

The Invention is of benefit in all: kinds of transmitters where the signal has a 
5 time-dependent envelope. This includes in particular radio base stations using 
the MCR concept, but also handsets for various standards, wireless local area 
(WLAN) modems, etc. 

i \ 

\n the following an example of the invention is described by means of two 
10 figures- The intention is not to[ restrict the invention to the details of these 
embodiments, the scope of which invention is defined by the claims. 

BRIEF DESCRIPTION OF DRAWINGS : 

j 

15 

Figure 1 is a schematic view of the general principle of the invention. 
Figure 2 is a more detailed example of the invention. 

20 

DETAILED DESCRIPTION 

In the embodiment of figure 1, an incoming low-frequency or medium- 
frequency (base-band) information signal Si is quantified in a quantifier 1 to 
25 generate a digital signal with M discrete signal values S M (i.e. S lf S 2 , S 3 etc.). 
The digital signal represents a version of the information signal which is 
sampled f 3 (sample frequency) times per second. The values of the digital 
signal comprise one or more bits and have thus two or more signal values. 

30 The quantifier 1 is for example a sigma-delta modulator, the principle of which 
is explained in SE patent 507 373. A thorough introduction to the sigma-delta 
modulator can be found in Norsworthy, S.R., Schreier, R_, Temes, GC. (eds); 
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1997; "Delta-Sigma data converters - theory, ; design, and Simulation", IEEE 
Press (ISBN 0-7803-1 045^4). 



The basic principle of the sigma-^eltaj modulator is that, to the input, there is 
5 lead a low-rate sample stream of the (information signal (which is analog or it 
is digital with a targe number of quantization: levels, i.e. where each sample 
has a large number of bits). At the output there is a smaller number of bits 
and a higher sampling frequency. Thej number of bits at the output is often the 
lowest possible, i.e. M = 2 (one bit), in which case, there are only two 
10 quantization levels, e.g. -1 and +1. The reduction of the number of bits in the 
sample stream will cause distortion. jThe distortion can be approximated as 
"noise", so called quantization nbise, j/vhich is not forwarded to the antenna at 
the end. 



is The digital signal S M is lead to a givepswitch S1, S2— . or SM of a switching 
unit 2, in accordance with the value of the signal. A given value of the digital 



signal Sm corresponds to a given 
methods can be used to express the 



switch to be closed. Different coding 
value of M. In one method, switch S1 is 
chosen, when the value M of the digital signal S M is 1, and so on. A switched 
signal Ssw is achieved from the digital signal Sm so that the M switches are 
regulated in accordance with the information, content in the digital signal, S Ml 
a given information content resulting! in a given switch to be closed. One and 
only one switch at a time is closed (except possibly for a short period of time 
during a switching transient when | two switches might simultaneously be 
closed). 

The power of the switched signals depends on the time-dependence of the 
carrier wave voltage and an (amplitude) amplification is achieved when a 
given information content is given a certain carrier wave of a given amplitude. 



30 The switching unit 2 thus performs] both mixing and amplification of the Sm 
signal. All switches S1 - SM are ! connected to their respective carrier 
generators and to a common output] 3'. The carrier amplitudes are denoted by 
A1, A2....AM, and its generic time-dependence by v c (t), the carrier wave 
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voltage being a function of the time. The! carrier wave functions can thus have 
the forms A1 f v c (t), A2*v c (t). ...AM*v c (t). When a given switch is closed, its 
earner wave becomes available resulting in an amplified information signal of 
a given value. The control signal (information signal) has to be handled so 
5 that there are never two switches simultaneously open. 

In the simplest case v c is sinusoidal (v c (t) = cos (2nfcam e rt))- The values of the 
amplitudes should coincide with the output levels of the sigma-delta 
modulator. If the sigma-delta modulator outputs N, then switch number SN 
10 should be closed and all the others opened, and so on. 

The switching unit 2 thus converts the digital signal to a switched radio- 
frequency (RF) signal S sw carrying the information and from which a desired 



15 



part can be taken by filtering. 



The generation of the carrier waves of radio-frequency is made in accordance 
with known methods. The easfedt way fe to generate a sinusoidal earner. The 
generation of a non-sinusoidal carrier is more complex, but has that 
advantage it is possible to choose the 1 carrier to stay close to zero for some 
20 finite time-interval around the switchings events. 

The switching event can always be chosen to take place at a zero-crossing, if 
the carrier frequency is a multiple of the output sampling frequency of the 
quantifier (e.g. a sigma-delta modulator), even if the carrier voltage is not 
25 sinusoidal. It is possible to choose the frequencies (the harmonic and sub- 
harmonic contents) of a non-sinusoidal; carrier so that it stays close to zero for 
some time-interval around the switching events. 

If the carrier wave is sinusoidal, the modulated digital signal will be 
30 transposed so that a base-band frequency component of Fb will end up at Fc- 
Fb and Fc+Fb, where Fc is the carriter frequency. A band-pass filter 4 is 
placed after the switches that rejects the unwanted one of these side bands 
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(either Fc-Fb or Fc+Fb for all Fb-sjin the base band). The band-pass fitter 4 
also rejects the (frequency transported) quantization noise from the quantifier. 

i • 

Figure 2 shows explicitly a possible implementation of a two-level system 

! 

5 (M=2). This implementation uses a i(supposedly ideal) transformer 5 to 
generate the two amplitudes of the carrier signal. The switch S1 is thus 
connected to an electric potential with respect to the ground of v c (t) while S2 
is connected to -v c (t). Thus, when sw&ch S1 is closed and S2 opened, the 
input of the band-pass filter 4 is connected to +v c (t), and to -v c (t) when S2 is 
10 closed and S1 open. When the sigma-jdelta modulator outputs +1, switch S1 
is closed and S2 opened and vice versa when it outputs -1 . The frequency 
divider 6 is a control unit for adjusting the frequencies and the inverter 7 

regulates the switches in accordance! with the values +1 or -1. The other 

s 

reference numbers 1,2,3 and 4 are equal to those used in figure 1 . 

is ' ! I • 

! i 

In an other embodiment of the invention, not illustrated, instead of rejecting 

t i 

the unwanted side-bands by the bandfpass filter, one could alternatively use 
a cancellation arrangement base<d on! quadrature signals. In this case, two 
modulated base-band signals are! used, identical as to a 90 degrees phase- 

20 difference. These two signals control t^ie switches in two different mixers. The 

■ | 

mixers are fed with carriers of 90 degrees phase difference. The signals from 

i 

the mixers are added either before or after the band-pass filters. Also in this 

i 

arrangement, the (frequency transposed) quantization noise from the sigma- 

delta modulator is rejected by the band-pass filters). 

j ; 

25 A slightly different variant of this 'alternative would be to neither reject or to 

; i 

cancel either of the side-bands, but to use them as two linearly independent 
channels, and to use them as ir? the traditional quadrature phase I and Q 
arrangement. Also in this arrangement, the frequency transponed 
quantisation noise from the modulatorjts rejected by the band-pass filter(s). 



30 



If the earner is not sinusoidal and contains more than one frequency 
component, replica of the modulated base-band signal will fall onto the band- 
pass filter's passband. However, if all the frequency components of the carrier 
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are integer multiples of the sampling frequency of the quantifier, all these 
components will be aligned so jthat a particular base-band frequency 
component will be mapped onto, the; same RF frequency for all the replica. 
The occurence of a non-harmonic; carrier will therefore not create any 
5 distortion in the resulting RF signall the carrier may contain both harmonics 
and subharmonics of its fundamental frequency as long as all of them are 
integer multiples of the sigma-delta output sampling frequency. 

While any number M of equidistant or non-equidistant "carrier* amplitudes 
10 might be used, the most practical arrangement would probably be to use only 
two levels (as in the embodiment of figure 2) or three levels. 



A well-known fact of sigma-delta. modulators is that a two-level system is less 
sensitive to mismatches in the components. Thus, an amplitude error, e.g. in 
15 one or both of the two carrier amplitudes switched between, does not 
introduce any distortion, in a three j or many level system, however, distortion 
is created by a deviation from its normal value in one of the carrier amplitudes 
switched between. . ! 
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CLAIMS 

1 . Method of generating a high-power modulated radio-frequency signal from 
a low- or medium frequency information signal by 

5 a) pulse-forming of the information signal by means of a quantifier to 
form a digital signal having discrete signal values. 

b) generating one or more earner waves of radio frequency, 

c) amplification by means of an amplifier comprising switches into a 
switched radio-frequency signal carrying the information, the- switching 

10 events being controlled by the information content of the digital signal, 

d) achieving the desired signal by means of a filter, 

characterized in that the carrier waves are generated by means of 
alternating radio-frequency voltages and that the amplification is 
performed by connecting the switches to the alternating carrier voltages, 
is thus causing mixing of the digital signals with a corresponding carrier 
signal, in accordance with a given information content of the digital signal. 

2. Method of claim ^characterized in that the alternation of the 
carrier voltages is performed so that the frequency/frequencies of the 

20 carrier waves generated is/are a muttiple/muttiples of the output sampling 
frequency of the quantifier. 

3. Method of claim 1 or 2, characterized in that the alternation of the 
carrier voltage is performed so that the resulting carrier wave is a 

25 sinusoidal signal. 

4. Method of claim 3 t characterized in that the filter is a band-pass 
filter rejecting distortion caused by the amplification and the unwanted 
side band of the signal from step c). 

30 

5. Method of any of claims 1-4. characterized in that the instants in 
time for the switching events are chosen to coincide with the moment at 
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which the carrier wave is zero or close to zero to avoid energy losses 
during the switching transients. 



6. Method of any of claims 1 - 5„ c h 
frequency is equal to the output 



aracterized in that the switching 
sampling frequency of the quantifier. 



7. Method of claim 1 or 2, characterized in that the carrier voltage is 
non-sinusoidal in such a way that it is a sum of frequency components, 

i ; 

where all the components have frequencies that are integers of the output 
sampling frequency of the quantifier. 



8. Method of claim 7. characterized in that the carrier voltages are 

to zero for the time-interval around the 



chosen so that they stay close 
switching events. 



9. Method of claim 1 or 2, characterized in that the information signal 
is quadrature shifted in two components, whereby two digital signals are 
formed in step a) controlling, the switches in two different amplifier/mixers 
of the invention, which are fed with carriers of 90 degrees phase- 
difference, ; 

10. Method of claim 1 or 2, characterized in that the side-bands are 
used as two linearly independent channels as in the quadrature phase i 
and Q arrangement of claim 9. 



11. Method of claim 8 or 9, c h a r a 



c t e r i z e d in that when one band-pass 



filter is used, the signals formed n step b) are added before the filter. 



12. Method of claim 8 or 9, c h a r a 
filters are used the signals are 



cterized In that when two band-pass 
added after the band-pass filters. 
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13. Method of any of claims 9-112, characterized in that the filter(s) 
is/are (a) band-pass filters) rejecting distortion caused by the 
amplification. 

s 14.Method of any of claims 1-13, characterized in that in step a) 
there is formed a digital signal with two signal values. 

15. Apparatus for generating a high-power modulated radio-frequency signal, 
comprising 

io a quantifier for pulse-forming of an information signal to form a digital 
signal having discrete signal Values, 
a radio-frequency earner wave generator, 

an amplification unit comprising switches for achieving a switched radio- 
frequency signal carrying the; information, the switches being controlled by 
15 the information content of th6 digital signal, 
a filter for achieving the desired signal, 
characterized in that. 

the switches are connected to alternating radio-frequency carrier voltages 

i 

generated by the carrier wave generator to cause mixing of the digital 
20 signals with a corresponding carrier signal, in accordance with a given 
information content of the digital signal. 

16. Apparatus of claim 15, characterized in that the quantifier is a 
sigma-delta modulator. 

25 

17. Apparatus of claim 15or 16, charade rized in that the filter is a 
band-pass filter rejecting unwanted signals and distortion caused by the 
amplification. 

i 

i 
j 

30 18. Apparatus of any of claim 13-17, characterized in that the carrier 

i 

wave generator is a transformer generating carrier waves of two different 
amplitudes. I 
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The invention is concerned with a method of generating a high-power 
modulated radio-frequency signal from a low- or medium frequency 
5 information signal by pulse-forming of the information signal by means of a 
quantifier to form a digital signal having discrete signal values, generating one 
or more carrier waves of radio frequency, amplification by means of an 
amplifier comprising switches into a switched radio-frequency signal carrying 
the information , the switching events being controlled by the information 

10 content of the digital signal, and achieving the desired signal by means of a 
filter. The method is characterized in the carrier waves are generated by 
means of alternating radio-frequency voltages and that the amplification is 
performed by connecting the switches to the alternating carrier voltages, thus 
causing mixing of the digital signals with a corresponding earner signal, in 

is accordance with a given information content of the digital signal. The 
invention is also concerned with an apparatus to carry said method, 

FIG. 1 

20 



